Abstract: In ethylenediaminetetraacetic acid (EDTA)-dependent pseudothrombocytopenia (PTCP), automated platelet counts are lower than actual counts because of EDTA-induced aggregation. Factors contributing to the incidence of EDTA-PTCP are unknown, and no study has assessed the prognosis of EDTA-PTCP patients.
INTRODUCTION
E thylenediaminetetraacetic acid (EDTA)-dependent pseudothrombocytopenia (PTCP) is a rare phenomenon whereby platelets aggregate in reaction to the anti-coagulant EDTA-2K contained in blood collection tubes. Consequently, platelet counts measured with an automated blood cell counter appear lower than they actually are. 1 Physicians are seldom aware that a normal platelet count can be obtained simply by changing the collection method in a laboratory, 2 such as using kanamycin or sodium citrate, to avoid platelet agglutination. 3, 4 EDTA-PTCP has an incidence of about 0.1% in the general population and up to 0.21% in hospitalized patients. [4] [5] [6] [7] In addition, EDTA-PTCP is clinically recognized as a mere in vitro phenomenon, with no impact on the prognosis. However, a previous report suggested that EDTA-PTCP occurs more frequently in severely ill patients with autoimmune, neoplastic, atherosclerosis-related, and liver diseases. 8 Meanwhile, other studies reported no association with age, sex, burns, trauma, sepsis, human immunodeficiency virus, rubella, cytomegalovirus, autoimmune disorders, malignancy, cardiac surgery, or medication. 2, 9 Therefore, whether EDTA-PTCP increases the risk of developing pathologies remains controversial. Furthermore, no study has examined the prognosis associated with EDTA-PTCP.
Thus, we conducted a case-control study with a group of EDTA-PTCP patients to compare the proportions of comorbidities, oral medication histories, and blood transfusion histories based on the presence of EDTA-PTCP and to examine whether EDTA-PTCP patients have a poorer prognosis than those without EDTA-PTCP.
METHODS

Study Design and Setting
This retrospective case-control study was conducted at The University of Tokyo Hospital between April 2009 and January 2012 with follow-upuntil October 2013. This study was approved by the Ethics Committee of the University of Tokyo Hospital.
Participants
From the medical database of our hospital, which includes around 60 000 patients who underwent a blood test between April 2009 and January 2012, we identified 104 patients diagnosed with EDTA-PTCP by a blood test. Factors contributing to the incidence of EDTA-PTCP are unknown. Therefore, we only performed 1:2 case:control matching for age and sex. A control group of 208 sex-and age-matched (within 5 years) patients was selected at random from the same database. The exclusion parameters were age under 18, multiple comorbidities, or other hematologic diseases related to blood clotting that could be associated with similar comorbidities. Our facility routinely examines a smear under a microscope if a patient's platelet count is under 100 000 cells/mL or decreases over 30% compared with the previous count because visual evaluation of blood smears is regarded as the gold standard for detection of EDTA-PTCP. 10 A diagnosis of EDTA-PTCP is made via confirmation of platelet aggregation. Blood samples were subsequently collected in tubes containing 20 mg/mL of kanamycin, as excess aminoglycoside antibiotics such as kanamycin can prevent platelet agglutination in blood samples from EDTA-PTCP patients. Furthermore, platelet aggregates can even be dissociated by the addition of these antibiotics within 30 min after blood withdrawal. 3 
Data Sources/Measurements
At the time of blood collection, the following data were collected from patients' medical records: patients' age; sex; comorbidities including hypertension, diabetes, autoimmune disease, malignant tumor, liver disease, and heart disease; medications including aspirin, other antiplatelet, warfarin, steroids, anti-cancer drugs, Chinese herbal medicines, and anti-convulsants; and blood transfusion history. Patients' deaths by the end of October 2013 were confirmed by medical record or telephone survey (author NO). If a patient had died, the date of death was also collected.
The primary outcome of the study was mortality. In addition, we also examined factors contributing to the incidence of EDTA-PTCP by comparing characteristics between patients with and without EDTA-PTCP.
Statistical Methods
We examined differences in the frequency of complications, medication use, and history of blood transfusion between the EDTA-PTCP and control groups. Categorical data were compared with the x 2 test. Univariate and multivariate Cox regression analyses were then conducted to investigate the association between EDTA-PTCP and mortality. Factors used in the final model were age, sex, malignancy, autoimmune disease, and liver disease. Previous studies have suggested that these diseases were associated with EDTA-PTCP pathogenesis. 2, 8 The level of significance was defined as a P value <0.05. All statistical analyses were performed using STATA Special Edition version 13.1 (StataCorp, College Station, TX). Tables 1 and 2 show comparisons of background conditions between the cases and controls. The cases were less likely to have hypertension (36% vs 48%, P ¼ 0.044) and diabetes mellitus (17% vs 39%, P ¼ 0.001) than the controls. On the other hand, the cases were more likely have malignancy (44% vs 22%, P < 0.001).
RESULTS
Participants
Descriptive Data
There were no significant differences between the 2 groups in frequency of heart disease, autoimmune disease, liver disease, history of blood transfusion, medication use, and type of cancer. Table 3 shows the results of univariate and multivariate Cox regression analyses. The loss-to-follow-up value was 1/208 (0.48%) in control and 4/104 (3.70%) in EDTA-PTCP patients. In a univariate analysis, patients with EDTA-PTCP had a hazard ratio of 17.0 (95% CI 3.89-74.36) for mortality, compared with those without EDTA-PTCP. Male sex, malignancy, and hepatic disease were also significantly associated with mortality.
Main Results
In the multivariate analysis, the hazard ratio between patients with and without EDTA-PTCP decreased to 11.8 (95% CI 2.62-53.54), but EDTA-PTCP was still significantly associated with mortality (Table 3) . Other conditions were not significantly associated with mortality in the multivariate analysis, whereas there was weak evidence of an association between malignancy and death (hazard ratio 2.67; 95% CI 0.85-8.36).
DISCUSSION
This large case-control study revealed that EDTA-PTCP patients had a higher frequency of malignancy as a comorbidity and higher mortality than age-and sex-matched controls.
These findings are consistent with an earlier report indicating that malignant tumor is a common comorbidity in EDTA-PTCP patients. 8 Furthermore, the data support a previously reported mechanism for the occurrence of EDTA-PTCP. When antigens of EDTA-dependent anti-platelet antibodies undergo cryptogenic exposure, antibodies against these antigens are produced. These antigens subsequently bind to platelets and cause agglutination in the presence of EDTA in vitro. 11 The likelihood of crypto-antigens in the blood, as well as the production of EDTA-dependent anti-platelet antibodies, may increase with malignant tumors, liver disease, or autoimmune disease. 12 Of these factors, we demonstrated that malignant tumor increased the risk of EDTA-PTCP. Although the clinical relevance of EDTA-dependent anti-platelet autoantibodies in vivo remains uncertain, 13 EDTA-PTCP patients may need further evaluation.
We demonstrated that EDTA-PTCP patients have a higher mortality than do other patients, even after adjustment for age, sex, malignant tumors, liver disease, and autoimmune disease. We have previously discussed the possibility that EDTA-PTCP can be a cause of eosinophilic disease in a patient with eosinophilic pneumonia. 12 Additionally, others have shown that EDTA-dependent anti-platelet antibodies cause platelet aggregation in the presence of substances contained in blood transfusions such as citric acid. [14] [15] [16] These in vivo studies have suggested that EDTA-PTCP is a systemic condition affecting the body through platelet stimulation. Therefore, EDTA-PTCP should be recognized not only as a benign in vitro phenomenon, but also as an indicator of a disease that affects patients' outcomes.
Further studies are needed to determine the impact of the location and stage of malignant tumors on EDTA-PTCP and to assess whether EDTA-PTCP develops beyond a specific stage of cancer.
LIMITATIONS
This study has certain limitations. First, this single-center study cannot account for different blood collection practices that would be reflected in a multi-center study. In fact, the number of people with malignant tumors, autoimmune disease, or liver disease might be higher than that in the general population. In addition, this study was performed with a hospital control match. Thus, the proportion of hypertension or diabetes is higher than that in the general population. Second, by definition, this retrospective study was limited to the parameters available in medical records. Although we included important measured confounders reported in previous studies, a Cox regression analysis could not account for unmeasured confounders. In particular, we could not differentiate the affected organ, 
CONCLUSION
This study demonstrated that patients with EDTA-PTCP have a significantly higher mortality rate than age-and sexmatched patients without EDTA-PTCP.
